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What is claimed is: 

i A method of manufacturing an interconnect comprising: 

a) \depositing and patterning a first conductive layer; 

b) depositing a first insulative layer over the first patterned conductive layer; 

c) opening an air gap in the first insulative layer; and 

d) depositing a sealing layer over the first insulative layer and the air gap to seal 
the air gap. \ 

2. The method of Claim 1 wherein the step of opening an air gap in the first 
insulative layer includes the steps of: 

a) applying a photoresist material to the first insulative layer, said photoresist 
material defining an air gap pattern; and 

b) etching the air gl\p in the first insulative layer based on the air gap pattern. 

3. The method of Claim 1 further comprising 

opening a via hole in thVs^aling layer and first insulative layer. 

4. The methoef^of /Cla\m 3 wherein the step of opening a via hole in the 
sealing layer and the first insulative\layer includes the steps of: 

a) applying a photoresist material to the sealing layer, said photoresist material 
defining a via hole pattern; and \ 

b) etching a via hole in the sealing layer and first insulative layer based on the via 

hole pattern. \ 

5. The method of Claim 3 further\comprising the steps of: 
forming a conductive plug in the via hale; 

depositing a second conductive layer over the sealing layer; and 
patterning the second conductive layer. \ 



6. The method of Claim 3 further comprising the steps of: 
simultaneously forming a conductive plug in the via hole and depositing a second 

conductive layer over the sealing layer; and 
patterning the second conductive layer. 

7. \The method of Claim 1 further comprising the steps of: 
depositing a second insulative layer over the sealing layer; and 

forming \ via hole through the second insulative layer, the sealing layer, and the 
first insulative layer. 

8. The method of Claim 7 further comprising the steps of: 
forming a conductive plug in the via hole; 

depositing a second conductive layer over the sealing layer; and 
patterning the second conductive layer. 

9. The method of C&im 7 further comprising the steps of: 
simultaneously tom\mtgl conductive plug in the via hole and depositing a second 

conductive layer over the^seisning layer; and 
patterning the secondVonductive layer. 

10. The method of Claim 1 further comprising the steps of: 
depositing a second insulative layer over the sealing layer; 
depositing a hard mask over the second insulative layer; and 

forming a via hole through the hard mask, the second insulative layer, the 
sealing layer, and the first insulative layer. 

1 1 . The method of Claim 1 0 further comprising the steps of: 
forming a conductive plug in the via hole; 

depositing a second conductive layer over the sealing layer; and 
patterning the second conductive layer. 
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f2. The method of Claim 1 0 further comprising the steps of: 
simultaneously forming a conductive plug in the via hole and depositing a second 
conductive layer over the sealing layer; and 
patterning the second conductive layer. 

1 3. \A method of manufacturing an interconnect comprising: 

a) depositing and patterning a first conductive layer; 

b) depositing a first insulative layer over the first patterned conductive layer; 

c) depositing a first hard mask on the first insulative layer; 

d) opening an air gap in the first hard mask and the first insulative layer; and 

e) depositing a sealing layer over the first hard mask and the air gap to seal the 
air gap. \ 

14. The method of Claim 13 wherein the step of opening an air gap in the first 
hard mask and the first insulative layer includes the steps of: 

a) applying a photoresist material to the first hard mask, said photoresist material 
defining an air gap Pm£&\\ and 

b) etching aitfgap in the first hard mask and the first insulative layer based on 

the air gap pattern. \ 

1 5. The method Of Claim 1 3 further comprising 

opening a via hole ifl the sealing layer, the first hard mask, and first insulative 
layer. \ 

16. The method of Claim 15 wherein the step of opening a via hole in the 
sealing layer, the first hard masKi and the first insulative layer includes the steps of: 

a) applying a photoresist material to the sealing layer, said photoresist material 
defining a via hole pattern; and \ 

b) etching a via hole in the sealing layer, the first hard mask, and first insulative 
layer based on the via hole pattern. \ 
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The method of Claim 15 further comprising the steps of: 
forcing a conductive plug in the via hole; 
depositing a second conductive layer over the sealing layer; and 
patterning the second conductive layer. 
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1 8. Thfe method of Claim 1 5 further comprising the steps of: 
simultaneously forming a conductive plug in the via hole and depositing a second 

conductive layer ovfer the sealing layer; and 
patterning thfe second conductive layer. 

1 9. The method of Claim 1 3 further comprising the steps of: 
depositing a secbnd insulative layer over the sealing layer; and 

forming a via hole\ through the second insulative layer, the sealing layer, the first 
hard mask, and the first insulative layer. 



20. The method of 
forming a conducti) 
depositing a second t 
patterning the second 



lihi 19 further comprising the steps of: 
jg in the via hole; 

jductive layer over the sealing layer; and 
lductive layer. 



its 



21 . The method of Claim 1 9 further comprising the steps of: 
simultaneously forming a conductive plug in the via hole and depositing a second 
conductive layer over the sealing layer; and 
patterning the second conductive layer. 
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22. The method of Claim 1 3 fuiither comprising the steps of: 
depositing a second insulative layer over the sealing layer; 
depositing a second hard mask over the second insulative layer; and 
forming a via hole through the second hard mask, the second insulative layer, 
30 the sealing layer, the first hard mask, and the. first insulative layer. 
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\23. The method of Claim 22 further comprising the steps of: 
forming a conductive plug in the via hole; 
depositing a second conductive layer over the sealing layer; and 
patterning the second conductive layer. 

24. The^»dthod of Claim 22 further comprising the steps of: 
simultaneouslworming a conductive plug in the via hole and depositing a second 
conductive layer over tnte sealing layer; and 
patterning the second conductive layer. 

10 

a \25. An interconnect structure comprising: 

S aK a first la y er of patterned conductive material having a first interconnect 

52 line, a second interconnect line and a trench therebetween; 

lu b) \first insulating material held within the trench and disposed over the first 

t5| layer of patterheblconductive material; 

3 c) at least two air gaps within the first insulating material and between the 

□ first interconnect line^and the second interconnect line, said air gaps separated by a 
Jg support pillar; and \ 

5J d) a sealing layer over the first insulating material for sealing the air gaps. 

20 \ 

26. The interconnectNstructure of Claim 25 wherein the sealing layer is 
selected from the group consisting of siliconoxide (Si0 2 ), doped Si02, spin on glass 
(SOG), silicon nitride, low dieleanc^bonsjtant (low-k) materials, silsesquioxanes, 
polyimides, fluorinated-polyimides, \ia^!ene, fluoro-polymers, poly(arylethers), 

25 fluorinated-poly(arylethers), porous-paymef/polyimide, polytetrafluoroethylene, and 
porous silica. \ 

27. The interconnect structure of Claim 25 wherein the first insulating material 
is selected from the group consisting of silicon oxideXSi0 2 ), doped Si02, spin on glass 

30 (SOG), silicon nitride, low dielectric constant (low^k) materials, silsesquioxanes, 
polyimides, fluorinated-polyimides, parylene, fluoro^Rolymers, poly(arylethers), 
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>fluorinated-poly(arylethers), porous-polymer/polyimide, polytetrafluoroethylene, and 
pVous silica. 

\ 28. The interconnect structure of Claim 25 further comprising: 

art a second layer of patterned conductive material over the sealing layer; 
and \ 

b) \ a via opening within the sealing layer and first insulating material for 
holding a conductive plug that provides a connection between the first layer of 
conductive material and the second layer of conductive material. 

29. The interconnect structure of Claim 28 wherein the conductive material for 
the first conductive layer, the second conductive layer, and the conductive plug is 
selected from the groupNeonsisting of polysilicon, titanium, titanium nitride, tantalum, 
tantalum nitride, tungsten, copper, aluminum, and aluminum alloy. 

30. The interconnect structure of Claim 25 further comprising 

a) a second insulating ^teriafover the sealing layer; 

b) a second layer of paWrnjea conductive material over the second 

insulating material; and 

c) a via opening within the /second insulating material, the sealing layer and 
first insulating material for holding-raconductive plug that provides a connection 
between the first layer of conductive matenal and the second layer of conductive 
material. \ 

31. The interconnect structure of Claim 30^wherein the second insulating 
material is selected from the group consisting of silicon oxjde (Si0 2 ), doped Si0 2 , spin 
on glass (SOG), silicon nitride, low dielectric constant (low-k) itaaterials, silsesquioxanes, 
polyimides, fluorinated-polyimides, parylene, fluoro-polymers, poly(arylethers), 
fluorinated-poly(arylethers), porous-polymer/polyimide, polytetrafluoroethylene, and 
porous silica. \ 
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V 32. The interconnect structure of Claim 30 wherein the conductive material for 
th\ first conductive layer, the second conductive layer, and the conductive plug is 
selected from the group consisting of polysilicon, titanium, titanium nitride, tantalum, 
tantalum nitride, tungsten, copper, aluminum, and aluminum alloy. 

33. \ The interconnect structure of Claim 25 further comprising 

a) \ second insulating material over the sealing layer; 

b) a hard mask over the second insulating material; 

c) a second layer of patterned conductive material over the hard mask; and 

d) a via opening within the hard mask, the second insulating material, the 
sealing layer and first insulating material for holding a conductive plug that provides a 
connection between the first layer of conductive material and the second layer of 
conductive material. \ 

34. The interconnect structure of Claim 33 wherein the second insulating 
material is selected from the group cjorisjst»tg~Tsf silicon oxide (Si0 2 ), doped Si0 2 , spin 
on glass (SOG), silicon nitride, low dielectric constant (low-k) materials, silsesquioxanes, 
polyimides, fluorinated-polyimides, ' da^fenev fluoro-polymers, poly(arylethers), 
fluorinated-poly(arylethers), porous-po)yrner)poiyimide, polytetrafluoroethylene, and 
porous silica. r""^ \ 

35. The interconnect structure of Claim 33 wherein the conductive material for 
the first conductive layer, the second conductive layer and the conductive plug is 
selected from the group consisting of polysilicon, titaniuV titanium nitride, tantalum, 
tantalum nitride, tungsten, copper, aluminum, and aluminum ajloy. 

36. The interconnect structure of Claim 33 wherein, the hard mask is 
comprised of a material selected from the group consisting of silicon nitride, silicon 
carbide, and silicon oxide. \ 
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\ 37. An interconnect structure comprising: 
\ a) a first layer of patterned conductive material having a first interconnect 
line, a\econd interconnect line and a trench therebetween; 

b\ a first insulating material held within the trench and disposed over the first 
layer of patterned conductive material; 

c) \a first hard mask over the first insulating material; 

d) at least two air gaps within the first insulating material and first hard mask 
and between the, first interconnect line and the second interconnect line, said air gaps 
separated by a support pillar; and 

e) a sealiha layer over the first insulating material for sealing the air gaps. 

38. The interconnect structure of Claim 37 wherein the sealing layer is 
selected from the group consisting of silicon oxide (Si0 2 ), doped Si0 2 , spin on glass 
(SOG), silicon nitride, lovv dielectric constant (low-k) materials, silsesquioxanes, 
polyimides, fluorinated-polyimides, parylene, fluoro-polymers, poly(arylethers), 
fluorinated-poly(arylethers), porous-polymer/polyimide, polytetrafluoroethyiene, and 
porous silica. \ \ 

39. The interconnect structure o£&laim 37 wherein the first insulating material 
is selected from the group ronsistinc/ol^ilicQn oxide (Si0 2 ), doped Si0 2 , spin on glass 
(SOG), silicon nitride, low diel^ric^^nstant (low-k) materials, silsesquioxanes, 
polyimides, fluorinated-polyimideET parytene, fluoro-polymers, poly(arylethers), 
fluorinated-poly(arylethers), porous-polymer/polyimide, polytetrafluoroethyiene, and 
porous silica. \ 

40. The interconnect structure of Claim 37 further comprising: 

a) a second layer of patterned conductiveViaterial over the sealing layer; 

and \ 

b) a via opening within the sealing layer andNjrst insulating material for 
holding a conductive plug that provides a connection between the first layer of 
conductive material and the second layer of conductive material.X 
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\ 41 . The interconnect structure of Claim 40 wherein the conductive material for 
the first conductive layer, the second conductive layer, and the conductive plug is 
selected from the group consisting of polysilicon, titanium, titanium nitride, tantalum, 
tantalum nitride, tungsten, copper, aluminum, and aluminum alloy. 

42. The interconnect structure of Claim 37 further comprising 

a) a second insulating material over the sealing layer; 

b) : a- second layer of patterned conductive material over the second 
insulating material; and\ 

c) a via opening within the second insulating material, the sealing layer and 
first insulating material fo\holding a conductive plug that provides a connection 
between the first layer of conductive material and the second layer of conductive 
material. \ 

43. The interconnect stmctuiVoT plain/ 42 wherein the second insulating 
material is selected from the group consisting of^silicon oxide (Si0 2 ), doped Si02, spin 
on glass (SOG), silicon nitride, low dieledric/constaht (low-k) materials, silsesquioxanes, 
polyimides, fluorinated-polyimides, pasylepe/ fluoro-polymers, poly(arylethers), 
fluorinated-poly(arylethers), porous-polymer/polyiWie, polytetrafluoroethylene, and 
porous silica. \ 

44. The interconnect structure of Claim 42 wherein the conductive material for 
the first conductive layer, the second conductive layer, and the conductive plug is 
selected from the group consisting of polysilicon, titanium, titanium nitride, tantalum, 
tantalum nitride, tungsten, copper, aluminum, and aluminum alloy\ 

45. The interconnect structure of Claim 37 further comprising\ 

a) a second insulating material over the sealing layer; \ 

b) a second hard mask over the second insulating material; \ 
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c) a second layer of patterned conductive material over the second hard 
ma^k; and 

d) a via opening within the second hard mask, the second insulating 
material, the sealing layer, the first hard mask, and first insulating material for holding a 
conductive plug that provides a connection between the first layer of conductive 
material and the second layer of conductive material. 

46. The interconnect structure of Claim 45 wherein the second insulating 
material is selected from the group consisting of silicon oxide (Si0 2 ), doped S1O2, spin 
on glass (SOG), silicon nitride, low dielectric constant (low-k) materials, silsesquioxanes, 
polyimides, fluorina\ed-polyimides, parylene, fluoro-polymers, poly(arylethers), 
fluorinated-poly(arylethere^ porous-polymer/polyimide, polytetrafluoroethylene, and 
porous silica. 



47. The interconnect structure of Claim 45 wherein the conductive material for 
the first conductive layer, the sefeond conductive layer, and the conductive plug is 
selected from the group consisting of polyjsllicon, titanium, titanium nitride, tantalum, 
tantalum nitride, tungsten, copper, alumVuijn, arid aluminum alloy. 



48. The interconnect structure /of 
comprised of a material selected frorrfijffie gro 
carbide, and silicon oxide. 



\m 37 wherein the first hard mask is 
consisting of silicon nitride, silicon 



49. The interconnect structure of Claim 45 wrWein the material for the first 
and second hard mask is selected from the group consisthqg of silicon nitride, silicon 
carbide, and silicon oxide. 



50. The interconnect structure of Claim 25 wherein the sur gap has a top 
sectional having one of the following shapes: circle, oval, square, and rectangle. 



\ 51. The interconnect structure of Claim 37 wherein the air gap has a top 
sectional having one of the following shapes: circle, oval, square, rectangle. 

52. An interconnect structure comprising: 

a) \ a first layer of patterned conductive material having trenches, each trench 
having an Xxiimension and a Y dimension; 

b) aYirst insulating material held within the trench and disposed over the first 
layer of pattemed\Conductive material; 

c) a firstW gap and a second air gap within the first insulating material, said 
first air gap and said second air gap disposed along the X dimension of the trench and 
separated by a support pjllar, 

d) a sealing layer over the first insulating material for sealing the first air gap 
and second air gap; \ 

e) a second layer of patterned conductive material over the sealing layer; 

and \ 

f) a via opening within\the seajjna layer and first insulating material for 
holding a conductive plug that provides/ a ^connection between the first layer of 
conductive material and the second laye\©fponductive material. 

53. An interconnect structure comprising: 

a) a first layer of patterned conductive material having trenches, each trench 
having an X dimension and a Y dimension; \ 

b) a first insulating material held within theHrench and disposed over the first 
layer of patterned conductive material; \ 

c) a first air gap and a second air gap within theNjrst insulating material, said 
first air gap and said second air gap disposed along the Y dimension of the trench and 
separated by a support pillar; \ 

d) a sealing layer over the first insulating material for sealmg the first air gap 
and second air gap; \ 

e) a second layer of patterned conductive material over the^ealing layer; 
and \ 
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\ f) a via opening within the sealing layer and first insulating material for 
holditag a conductive plug that provides a connection between the first layer of 
conductive material and the second layer of conductive material. 

54. \ An interconnect structure comprising: 

a) \a first layer of patterned conductive material having an interconnect line 
and trenches; \ 

b) a first insulating material held within the trench and disposed over the first 
layer of patterned conductive material; 

c) an air gap within the first insulating material, said air gap directly against 
the interconnect line; \ 

d) a sealing layer over the first insulating material for sealing the first air gap 

and second air gap; \ 

e) a second layer ol patterned conductive material over the sealing layer; 

and \ 

f) a via opening within the sealing layer and first insulating material for 
holding a conductive plug that provides a connection between the first layer of 
conductive material and the second layerof conductive material. 

55. The interconnect structure of cimriGA further comprising 

a) a support pillar made from the firsUnsulating material disposed adjacent 
to the air gap. \ 

56. An interconnect structure comprising: \ 

a) a first layer of patterned conductive material having an interconnect line 
and trenches, said interconnect line having a top surface; \ 

b) a first insulating material held within the trench ar^UJisposed over the first 
layer of patterned conductive material; \ 

c) an air gap within the first insulating material, said air gao extending from 
the top surface of the interconnect line; \ 
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^""b^^a sealing layer over the first insulating material for sealing the first air gap 
and second airgapT^^^^ 

e) a second layer^ot^^alteme^^ndactive material over the sealing layer; 

and A^l^^ 

f) a via opening within the/s§aJtrig layer^aqdfirst insulating material for 
holding a conductive plug that provides a connection betweenthe first layer of 
conductive material and the second layer of conductive material. 

^N>7. A method of manufacturing an interconnect comprising: 

a) \providing a first patterned layer of conductive material, the first patterned layer 
having trenches; 

b) depositing a first insulating material over the first patterned layer to fill the 
trenches of said first patterned layer; 

c) etchinaat least two air gaps in the first insulative material; and 

d) depositing a sealing layer over the first insulative layer and the air gap to seal 
the air gap. \ 

58. The metntod irf manufacturing an interconnect of claim 57 wherein each 
trench has an X dimension and a Y dimension and wherein said step of etching air 
gaps in the first insulative material further includes the step of 

a) etching a first air gap and a second air gap in the X dimension of the trench 
filled with the first insulative material; and 

b) leaving a support pillar between the first air gap and the second air gap. 

59. The method of manufacturing an interconnect of claim 57 wherein each 
trench has an X dimension and a Y Mmension and wherein said step of etching air 
gaps in the first insulative material furthe\includes the step of 

a) etching a first air gap and a secqnd air gap in the Y dimension of the trench 
filled with the first insulative material; and \ 

b) leaving a support pillar between the fnrst air gap and the second air gap. 
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\o. The method of manufacturing an interconnect of claim 57 wherein the first 
patternea. layer includes an interconnect line, said interconnect line having a top surface 
and whereftv^aid step of etching air gaps in the first insulative material further includes 
the step oyrn 

a) etching a first air gap on the top that extends to the top surface of the 
interconnect line. 

The interconnect structure of Claim 30, wherein the first insulating 
material ancHbe second insulating material are the same material. 

62. The intercon>iect structure of-Claim 30, wherein the first insulating 
material and the second insulating>na^al/arey3ifferent materials. 

63. The interconnect structureT of/Clalra^, wherein the first insulating 
material and the second insulating material are the same^material. 

64. The interconnect structure of Claim 42, wherein Ihe first insulating 
material and the second insulating material are different materials. N v 
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